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SUMMARY 
Tests on a 0.015-scale model o f  a supersonic t ransport  (SCAT 15F-9898) 
were conducted a t  Mach iiumbers from 0.60 t o  1.20. Tests o f  the complete model 
w i th  three wing planforms, two d i f f e ren t  leading-edge r a d i i ,  and various com- 
binations o f  component parts, inc lud ing both leading- and trai l ing-edge flaps, 
were made over an angle-of-attack Pange from about -6' t o  13' and a t  side- 
s l i p  angles o f  0' and 2'. 
The basic conFiguration had pitchup tendencies a t  the higher l ift coeff i-  
c ients and a t  a l l  Mach numbers. However, changing the wing-t ip sweep angle t c  
60' and def lect ing the wing-t ip Kr iger f l a p  t o  20' o r  increasing the radius of 
the wing leading edge increased the maximum l i f t - t o -d rag  r a t i o  o f  the configu- 
r a t i o n  and a l l ev ia t zd  the pitchup tendencies a t  the higher l i f t  coeff icients. 
From a performance and t r i m  consiaeration, the optimum conf igurat ion f o r  cru ise 
a t  Mach numbers between 0.80 t o  0.975 was w i th  the la rger  wing leading-edge 
radius, thE ledding- and t ra i l isg-edge f laps set  a t  Oo, the wing-t ip swept t o  
60°, and wing-t ip Kruger f l a p  s e l  a t  20'. Maximum tunnel l i f t - t o -d rag  r a t i o  
for  t h i s  conf igurat ion i s  about 10 s t  Mach numbers between 0.80 t o  0.975 and 
w i th  a trimmed l i f t  coe f f i c i en t  between 0.15 t o  0.20. Comparison o f  the so- 
ca l led  optimunl conf igurat ion w i th  the hasic configuratiorl  indicates t h a t  the 
performance gains are due t o  a 25-percent reduction i n  drag due t o  lift. The 
s t a t i c  d i rec t i ona l  s t a b i l i t y  decreased t o  approximately zero a t  an angle o f  
a t tack o f  about 4' and then increased as the angle o f  at tack was increased 
beyond 4'. The addi t ion o f  strakes o r  a center l ine ventral  f i n  s i g n i f i c a n t l y  
increased the s t a t i c  d i rec t i ona l  s t a b i l i t y  i n  the range where the s t a t i c  
d i rec t i ona l  s t a b i l i t y  was deficient, 
The text, tables, and f igures o f  t h i s  repor t  were taken from a NASA 
working paper and an associated addendum en t i t l ed ,  "The Aerodynamic Character- 
i s t i c s  o f  a Fixed Arrow Wing Supersonic Transport Configuration (SCAT 15F-9898) 
Part  V.- S t a b i l i t y  and Performance Characterist ics a t  Mach Numbers From 0.60 
t o  1.20'' which was w r i t t e n  by John P. Decker and published i n  1969, Unfortun- 
ately, the o r i g i n a l  f igures and data were destroyed i n  1973, therefore the 
figures and tables presented herein were reproduced from the best avai lab le 
copy of the above working paper. 
INTRODUCTION 
The National Aeronautics and Space Administrat ion has made an intensive 
research e f f o r t  t o  provide the technical background necessary t o  def ine and 
meet the design requirements f o r  a c o m r c i a l  l y  acceptable supersonic trans- 
p o r t  airplane. Part  o f  t h i s  e f f o r t ,  a conf igurat ion series designated SCAT 15, 
was u t i l i z e d  t o  explore the most advanced design technology o f  supersonic 
aerodynamics. Early experimental resul ts  obtained on models of the SCAT 15 
conf igurat ior  series were reported i n  references 1 t o  3. 
A member of the SCAT 15 series, a f i xed  arrow wing version designated 15F, 
has been of p a r t i c u l a r  i n t e r e s t  because o f  i t s  demonstrated high l eve l s  o f  
aerodynamic e f f i c i e n c y  a t  M = 2.7 cruise conditions. The o r i g i n a l  15F 
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configuration has recent ly  been redesigned t o  incorporate changes which are 
expected t o  improve the low  weed performance o f  the 15F concept without 
serious penalt ies i n  high speed potent ia l  . The redesigned version 
(SCAT 15F-9898) when compared t o  the o r i g i n a l  15F has increased size, decreased 
sweep o f  the wing trai l ing-edge, decreased leading-edge sweep o f  the wing t i p  
(from 65' t o  60° ) ,  and increased wing leading-edge radius. The current 
151;-9898 also incorporates wing leading-edge devices, a small center v e r t i c a l  
t a i l ,  a ventral  f i n ,  and a small hor izontal  t a i l  f o r  longi tud ina l  control.  
As pa r t  o f  a j o i n t  study e f f o r t  with the Boeing Company, NASA has con- 
structed a series o f  consistent wind-tunnel models t o  supplement analyses o f  
the aerodynamic character is t ics  o f  the redesigned SCAT 15F-9898 supersonic 
transport c o n f i g u r a t i m  throughout the Mach number range. A 0.03-scale model 
was constructed by the Langley Research Center f o r  tests  a t  takeoff  and land- 
ing  conditions, i n  ground effect, and i n  the deep s t a l l  angle-of-attack range. 
A 1/5-scale model o f  the same configuration was constructed by the Ames 
Research Center for  t es t i ng  i n  the 40 x 80 wind tunnel t o  help determine scale 
effects. A 0.015-scale model was constructed by the Langley Research Center 
f o r  tests  a t  transonic and supersonic speeds. The present repo r t  contains 
data obtained on the 0.015-scale model a t  Mach numbers from 0.60 t o  1.20 a t  
6 6 Reynolds number per foot o f  1.5 x 10 and 2.0 x 10 . Tests o f  the complete 
model wi th  three wing planforms, two d i f f e ren t  leading-edge r a d i i ,  and various 
combinations o f  component parts, including both leading- and trai l ing-edge flaps, 
were made over an angle-of-attack range from about'-6' t o  13' and a t  side- 
s l i p  angles o f  0' and 2'. 
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SYMBOLS 
The data of the present investigation are referred t o  the body axis 
system (see f ig .  l ( a ) )  except the l i f t  u d  drag coefficients, which are referred 
to the stability axis system. The moment reference center is located a t  45 

















wing span, 22.824 i n .  
local chord measured streamwise 
local chord measured per;,e:idicular t o  wing leading edge 
mean geometric chord, 19.155 i n .  
drag coefficient, 9 
Total nacelle base drag 
qs total nacelle base drag coefficient, 
Chamber dra chamber drag coefficient, 7% 
m i n i m u m  drag coefficient 
drag due t o  l i f t  parameter 
l i f t  coefficient, Lift 
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trimmed l i f t  coefficient 
l i f t  curve slope, aa_‘ per deg 
Roll i n moment ro l l i ng  moment coefficient, ,+ 
effective dihedral parameter, F~ per deg 
p i t c h i n g  moment coef f i c ien t ,  
a cL 
*CI 
P i  tchi nq moment 
qsE 
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longi tud ina l  s t a b i l i t y  parameter, percent 
pitching-moment coef f i c ien t  a t  CL = 0 
yawing-moment coef f i c ien t ,  ,* Vawin moment 
d i rec t iona l  s t a b i l i t y  parameter, a per deg 
Side force 
qs 
side force coeff ic ient ,  
s ide force parameter, -, AcY per  deg 
At3 
l i f t  drag r a t i o  
maximum l i f t  drag r a t i o  
free-stream Mach number 
free-stream dynamic pressure 
1 eadi ng-edge radius 
leading-edge radius o f  wing W1 i n  a plane perpendicular t o  the 
leading edge, r, = 0.002~ (see f i g .  1(1))  
leading-edge radius o f  wings W2 and Wg i n  a plane perpendicular 
t o  the leading edge, r2 = 0.005 c1 (see f igs. 1(1) and l(n)) 
Reynolds number per f o o t  
reference wing area, 2.227 sq. ft. 
coordinate axes 
distance along X,Y,Z axes 
distance along a i r f o i l  sect ion from leading edge 
coordinates o f  the external shape o f  the engine nacel les 
(see f igs.  l ( e )  and l ( f ) )  
ansle o f  attack. dea 
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common body between high speed and low speed models w i th  a 
cy1 i n d r i  ca l  afterbody 
cru ise engine nacelles 
Fowl e r  f 1 ap 
hor izontal  t a i l  f o r  cy1 i n d r i c a l  afterbody 
wing- t ip  Kruger f l a p  
inboard t o  outboard wing leading-edge f laps  
wing t i p  leading-edge f lap;  on W, o r  w 2 9  L6 has a hinge l i n e  as 
indicated i n  f i g u r e  l ( d )  and i s  the same as K'6; on W3' L6 hcs 
a hicge l i n e  as ind icated i n  f i g u r e  l ( m )  
strakes mounted forward o f  wing apex 
inboard t o  outboard wing t r a i l  ing-edge f laps  
ventral  f i n  mounted on cy1 i n d r i c a l  afterbody 
center1 ine v e r t i c a l  t a i  1 mounted on cy1 i n d r i c a l  afterbody 
outboard v e r t i c a l  t a i l s  
comnon wing between high speed and low speed models with a 
leading edge radius o f  0.002~ 
common wing between high speed and low speed models with a leading 
edge radius o f  0 . 0 0 5 ~ ~  
wing wi th  a leading-edge radius of 0.005c,, which i s  symmetrical 
about a l i n e  passing through the leading-edge po in t  o f  W1 
p a r a l l e l  t c  the wing reference plane (see f i g .  l ( n ) )  and has an 








'tl ' t3 
l ' tai  1 
b j t i p  
Kk 6 
angle of s ides l ip ,  deg 
elevator de f l ec t i on  (pos i t ive f o r  t r a i l i n g  edge down), deg 
hor izontal  t a i l  def lect ion,  w i  t h  de f l ec t i on  measured from wing 
reference plane (pos i t i ve  f o r  t r a i l i n g  edge down), deg 
de f l ec t i on  o f  inboard t o  outboard wing leading-edge f l a p s  w i t h  
def lect ion measured normal t o  leading edge (pos i t i ve  for  lead- 
i n g  edge down), deg 
de f l ec t i on  d f  wing-t ip leading-edge f l a p  (pos i t i ve  f o r  leading- 
edge down); on W1 o r  W2, bL6 has a hinge l i n e  as indicated on 
f i g u r e  l ( d )  and i s  the same as ~ 5 ~ ' ~ ;  on W , 6 
as indicated oa f igure l(m), deg 
has a hinge 3 L6 
spo i l e r  de f l ec t i on  (pos i t i ve  f o r  t r a i l i n g  edge up), deg 
def lect ion o f  inboard to  outboard wing t r a i  1 ing-edge f l aps  with 
def lect ion measured streamwise (pos i t i ve  f o r  t r a i l i n g  edge 
down), deg 
t a i l  dihedral angle (pos i t ive for t i p  chord lower than root 
chord), deg 
leading-edge sweep angle a t  wing t i p ,  deg 
def lect ion of Kruger f l a p  on wing tip,wi t h  def lect ion measured 
normal t o  leading edge (pos i t ive f o r  leading edge aown), deg 
Subscripts: 
l e f t  l e f t  side o f  wing 
r i g h t  r i g h t  side of wing 
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Orawi ngs 
i s  shown as f 
are presented 
DESCRIPTION OF MODEL 
of the model are shown i n  f i g u r e  1 and a 
gure 2. Oetai led  geometric character is t  
i n  tab le I. The model scale used i n  the 
photograph o f  the model 
cs o f  the basic model 
present invest igat ion 
was 0.015, which represents a fu l l - sca le  supersonic t ransport  a i r c r a f t  configu- 
r a t i o n  approximately 300 f e e t  i n  length. 
The model incorporated a slender cambered body w i t h  a 74' swept wing 
planform which was designed f o r  a cruise l i f t  c o e f f i c i e n t  o f  0.08 a t  a Mach 
number o f  2.7. The wing had a subsonic leading edge except i n  the region o f  
the t i p  where the leading-edge sweep was decreased t o  65' on the basic config- 
uration. A i r f o i l  coordinates o f  the wing End wing t i p  (W,) are presented i n  
table 11. 
For W2,.the leading-edge radius was increased from 0.002~ and a 60' swept 
wing t i p  w i th  a Kr iger f lap ( f ig.  l ( d ) )  was added. Note f r o m  f 
the center o f  leading-edge curvature f o r  the modif ied wing (W,) 
a distance z = r2 from the center o f  leading-edge curvature f o r  
(Wl). Thus, both the loca l  chord and leading-edge camber were 
gure l ( d )  t h a t  
was located a t  
the basic wing 
ncreased. A1 1 
of these modif icat ions were made t o  improve the f low character is t ics  on the 
wing and wing t i p  a t  subsonic and transonic speeds. 
For W j r  the leading-edge o f  the wing was again modified s l i g h t l y  and the 
wing t i p  (60' sweep) was extended (f igs. l ( m )  and l ( n ) ) .  Note from f i gu re  l ( n )  
t ha t  the leading-edge radius f o r  W3 was the same as f o r  W2. However, the 
center o f  leading-edge curvature for  W3 was located i n  a plane passing through 
the leading-edge o f  the basic wing (W,) and p a r a l l e l  t o  the wing reference 
plane. The leading-edge of wing Wg coincided wi th  the leading-edge o f  W1. 
W J  had more leading-edge camber than W1, but  !ess camber than W2. A comparison 
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o f  f igures l ( d )  and l(m) shGws the dif ferences between the wing t i p  leading- 
edge f lap configurations between W 2  and Wj. The wings were equipped w i th  
moveable leading- and trai:!ng-edge f laps ( f ig .  l ( b ) )  f o r  obtaining the best 
longi tud ina l  s t a b i l i t y  and performance a t  subsonic and transonic speeds. 
Inboard and outboard t ra i l ing-edge Fowler flaps were also invest igated which 
increased the area of the flaps by 50 percent. 
Four engine nacelles were located below the wing near the wing t r a i l i n g  
edge t o  simulate the engine i ns ta l l a t i on .  The wino t r a i l i n g  edges were 
ref lexed upward i n  the region o f  the engine nacelles i n  order t o  essent ia l l y  
cancel the l i f t interference from the nacelles and t o  improve the drag i n t e r -  
ference e f fec ts  of the wing nacel le combination a t  c ru ise  conditions. 
Two v e r t i c a l  t a i l s  ( f i g .  l ( h ) )  were mounted on the outboard wing panels 
f o r  d i rec t iona l  s t a b i l i t y  and t o  improve the f low i n  the region o f  the wing 
ve r t i ca l  t a i l  (f ig. l ( g ) )  and a ventra l  f i n  ( f ig .  l ( i ) )  
end o f  the fuselage and strakes ( f ig .  l ( j ) )  mounted on the 
fuselage were also invest igated f o r  addi t ional  d i rec t iona l  
hor izontal  t a i l  w i th  an e levator  was mounted a f t  on the 
tch control. Wing spoi lers  and hor izonta l  
configurations w i th  wings W2 and Wj, 
t i p .  A cen te r l i r c  
mounted on the a f t  
forward end o f  the 
s t a b i l i t y .  A smal 
fuselage t o  provide longitudina 




APPARATUS AND METHODS 
Test Faci 1 i ty 
The inves t iga t ion  was conducted i n  the Langley &foo t  transonic pressure 
tunnei , a continuous-flow, single-return tunnel wi th a s lo t ted,  rectangular 
t e s t  section. The longi tud ina l  s lo t s  i d  the f l o o r  and c e i l i n g  o f  the t e s t  
section reduce wal l  interference e f fec ts  and al low r e l a t i v e l y  l a r g e  models t o  
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be tested through the subsonic speed range. Avai lable contro ls  permit inde- 
pendent va r ia t i on  o f  Mach number, stagnation pressure and temperature, and dew 
point. 
Test Conditions 
The tes ts  were conducted f o r  a Mach number range from 0.60 t o  1.20, an 
angle-of-attack range from about -6' t o  13O, and a t  angles of s ides l i p  o f  0' 
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2.0 x lo6 
I 
1 
1.5 x lo6  
The stagnation dewpoint temperature was maintained s u f f i c i e n t l y  low t o  
avoid ap,y s ign i f i can t  condensation e f fec ts  i n  the t e s t  section. I t  should be 
noted here t h a t  data are no t  avai lab le for a l l  conf igurat ions a t  a l l  pbssible 
t e s t  conditions. 
Boundary-Layer Transi ti on 
A l l  tes ts  o f  the Rodel were conducted with a 0.05-inch-wide band o f  No.60 
(0.0117 in.) carborundum g r i t  located 1.2 inch a f t  o f  the forebody apex. A 
s i m i l a r  s ize band of No, 80 (0.0083 in.) carborundum g r i t  was located 0.6 inch 
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s t reamise  from the leading edge o f  a l l  external surfaces and o f  tht; i ns ide  
surface o f  the engine nacelles. An extensive Reynolds number study was no t  
conducted because o f  model l i m i t a  !ions, however, a f lourescent o i  1 f i l m  
technique, reference 4, was used t o  ensure t h a t  the g r i t  s i ze  selected t r ipped 
the f low t o  turbulent  conditions. 
Measuremn t s  
Aerodynamic forces and moments were measured by means o f  a six-component, 
e l e c t r i c a l  s t r a i n  gage balance hcused w i t h i n  the model. The fusel7Je cav i t y  
pressure was measured by means o f  a s t a t i c  o r i f i c e  located i n  the balance 
chamber and a t  the base o f  the fuselage cavi ty.  
(B1W1E2H1V,V2), w i th  a l l  wing leading- and t ra i l ing-edge f l aps  se t  a t  Oo, the 
nacel le base pressures on one side o f  the model were measured by means of a 
c i r c u l a r  row o f  f i v e  s t a t i c  o r i f i c e s  connected t o  a s ing le  transducer f o r  each 
engine nacel 1 e. 
For the basic conf igurat ion 
Corrections 
The angle o f  attack o f  the model was corrected f o r  tunnel f low angu'iarif 
and the angle o f  attack and s i d e s l i p  were corrected f o r  de f lec t ion  o f  the 
s ting-balance combination due t o  aerodynamic loading. The drag c o e f f i c f e n t  
data were adjusted t o  correspond t o  free-stream s t a t i c  conditions i n  the 
fuselage cav i t y  by averaging t i le pressures i n  the balance chamber and a t  the 
base o f  the fuselage cavity. Using the nacel le  base pressure data mentioned 
previously i n  the measurements section, the nacel le  base drag coef f i c ien ts  were 
calculated by adjust ing the measured s t a t i c  pressure t o  free-stream conditions. 
The var ia t ions o f  the nacel le base drag coe:ficient w i t h  l i f t  c o e f f i c i e n t  a t  a 
6 Reynolds number per foo t  o f  2.0 x 10 are presented i n  f i gu re  3 and i t  can be 
seen t h a t  the nacel le base pressure did no t  change Gpprecibbly w i th  l i f t  
1.1 
coef f i c ien t .  Consequently, a l l  drag data were adjusted t o  correspona t o  f ree- 
stream s t a t i c  c m d i t i o n s  a t  the base o f  the engine nacel les by using a constant 
value o f  the nacel le base drag c o e f f i c i e n t  a t  each Mach number. The corrections 



















I n  addit ion, the drag c o e f f i c i e n t  r s u l t s  have been corrected f o r  the in te rna l  
s k i n - f r i c t i o n  drag o f  the engine nacelles. This drag c o e f f i c i e n t  correct ion 
amounted t o  0.0010 and was constant f o r  a l l  t e s t  condit ions since the interna: 
s k i n - f r i c t i o n  drag c o e f f i c i e n t  varied l i t t l e  w i th  Mach number f o r  the Reynolds 
numbers o f  these teLts. 
The data presented were not corrected t o  account f o r  wal l  interference 
and tunriel blockage effects. Therefore, the accuracy o f  data a t  Mach numbers 
near 1.0 may be questionable (see re f .  5). 
PRESENTATION OF RESULTS 
The resu l ts  o f  t h i s  inves t iga t ion  are presented i n  the fo l lowing f igures:  
f i gu re  
Longitudinal aerodynamic character is t ics  (6 = 0’) o f  the con- 
f igurat ions w i th  a wing leading-edge radius o f  0.002~ (W1) 
Effect o f  wing t ra i l ing-edge deflections. . . . . . . . . . . . . . . 4 
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Figure 
Effect of spoiler deflections on the longitudinal and lateral- 
directional aerodynamic characterist ics of the configurations 
w i t h  a wing leading-edge radius of 0 . 0 0 5 ~ ~  (M2). . . . . . . . . .  
Effect of centerline and outboard vertical t a i l s  on the la teral-  
directional s tab i l i ty  parameters of the configuratiocs with 
a w i ; g  leading-edge radius o f  0.002~ ( W l ) .  . . . . . . . . . . .  
Effect of centerline ventral f i n  and strakes on the la teral-  
directional s tab i l i ty  parameters of the configurations with 
a wing leading-edge radius o f  0 . 0 0 5 ~ ~  (W,) . . . . . . . . . . . .  
Summary of longitudinal parameters w i t h  Mach number. . . . . . . . .  
Longitudinal aerodynamic characterist ics ( 8  = 0') of the 
configurations w i t h  a wing leading-edge radius of 0.005~~ ( W 3 )  
Effect of wing leading-edge camber and wing-tip f l a p  
deflections . . . . . . . . . . . . . . . . . . . . . . . . .  
Effect o f  horizontal-tail deflections and hor izonta l -  
t a i l  dihedral arole . . . . . . . . . . . . . . . . . . . . .  
Effect of wing leading- and trailing-edge flap deflections . . . .  
Effect of-outboard vertical t a i ? s .  . . . . . . . . . . . . . . . .  
Comparison of t h e  longitudinal aerodynamic characterist ics for  
two Configurations h a v i n g  a different wing leading-edge camber, 
wing-tip geometry, and wing-tip f lap . . . . . . . . . . . . . .  










Although no detailed analysis of the results i s  presented, several 
pertinent areas are briefly discussed. 
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Figure 
E f f e c t  o f  wing-t ip sweep change and Kruger f l aps  for 
= 5  O . . .  5 - 0 
- 0 
. . . . . . . . . . . . . .  6Ll,2,3,4,5 - ; &t1,2,3 
6L1,2,3,4,5 - l5 ' 6t1,2,3 = 5  ' . . . . . . . . . . . . . . . .  6 
Effect  o f  wing leading-edge f l a p  def lect ians 
.. 
Without wing-t ip Kruger flap. . . . . . . . . . . . . . . . . .  7 
8 
.. 
With wing-t lp Kruger f l a p  . . . . . . . . . . . . . . . . . . .  
Effect  of center l ine and outboard v e r t i c a l  t a i l s  . . . . . . . . . .  9 
E f f e c t  o f  hor izontal  t a i l  and elevator def lect ions . . . . . . . . .  10 
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longi tud ina l  and la te ra l -d i rec t i ona i  aerodynamic chzracter is t ics  o f  
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Longitudinal Aerodynamic Characterist ics 
The p i t ch ing  moment curves f o r  the basic configuration, B1YlE2HlVlV2 , 
with the wing leading- and trai l ing-edge f l aps  c t  0' ( f i g .  4) were nonlinear 
a t  the higher l i f t  coe f f i c i en ts  and showed a pitchup tendency a t  a l l  Mach 
numbers. Def lect ing the wing trai l ing-edge f laps ( f ig .  4) increased (L/D)max 
a t  Mach numbers a t  o r  below 0.95; however, def lect ing the t rai l ing-edge flaps 
caused a negative Cm 
the p i tch ing moment curve. 
increment with l i t t l e  change i n  t h e  basic shape o f  
9 0  
Figures 5 and 6 ind icate t h a t  changing the wing-t ip sweep t o  60' and 
.. 
def lect ing the wing-t ip Kruger f l a p  t o  20' increased (L/D)max a t  a l l  Mach 
numbers and helped a l l e v i a t e  some o f  the pitchup tendencies o f  the configura- 
t i o n  a t  the higher l ift w e f f i c i e n t s .  S imi lar  improvements t o  the p i t ch ing  
moment character is t ics  o f  the Configuration were also obtained by de f l ec t i on  
o f  the wing leading-edge f l aps  ( f igs.  7 and 8); however, de f l ec t i on  of the 
leadi  ng-edge f 1 aps decreased ( L/D),ax a t  a l l  Mach numbers above M = 0.60. 
Changing the wing leading-edge radius t o  0 . 0 0 5 ~ ~  ( f i g .  11) increased 
(L/@ Imax nd helped t o  1 i n e a r i t e  the p i t ch ing  moment curve f o r  l i f t  c o e f f i -  
c ients between -0.15 and 0.50. From a performance and t r i m  consideration, 
f i gu re  11 indicates tha t  possibly the optimum configuration for  cru ise a t  
Mach numbers between M = 0.80 and M = 0.975 i s  w i th  the larger  wing leading- 
edge radius, the wing leading- and trai l ing-edge f laps set a t  Oo, the wing- 
t i p  swept t o  60°, arid w i t h  the wing t i p  Kr iger f l a p  set  a t  20'. (L/D)max f o r  
t h i s  conf igurat ion i s  about 10 f o r  t h i s  range of Mach numbers with CL 
between 0.15 and 0.20. 
t r i m  
Figure 20 presents a summary o f  the longi tud ina l  
parameters wi th  Mach number f o r  t h i s  conf igurat ion compared t o  the basic 
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conf igurat ion BIWIEZHIVIVz w i t h  contro l  surfaces set  a t  0' and indicates t h a t  
the performance gains a m  due t o  a 25-percent reduct ion i n  drag due t o  lift. 
Lateral  Aerodynamic Character ist ics 
Figures 18 and 19 show t h a t  the nmdel had p o s i t i y e  e f fec t i ve  dihedral 
(-CIB) throughout the angle o f  at tack and Mach number range o f  these tests. 
The s t a t  I C  d i rec t i ona l  s t a b i l i t y  parameter, 
approximately zero a t  an ang'e o f  a t tack o f  about 4' and ther increase as the 
angle o f  at tack i s  increased beyond about 4'. The addi t ion of  strakes 
( f ig .  19) increased CnB a t  pos i t i ve  angles o f  at tack whi le  the addi t ion o f  
a center l ine ventral  f i n  increased Cng a t  a l l  angles. 
, i s  shown t o  decrease t o  
D i f f e r e n t i a l  def lect ion o f  the t ra i l ing-edge f laps between the engine 
nacelles, t2, f o r  r o l l  control  ( f ig .  15) produced s i g n i f i c a n t  r o l l i n g  moments 
throughout the Mach number range; however, adverse yaw due t o  r o l l  was i n d i -  
cated a t  angles o f  at tack greater than about -2'. Di f fe ren t i a l  def lect ion o f  the 
the spoi lers f o r  r o l l  control  produced s ign i f i can t  r o l l i n g  moments a t  Mach 
numbers above 0.60 and a t  angles o f  at tack less than about 5'; 
due t o  ml l  i s  indicated. 
adverse yaw 
CONCLUOI NG REMIL'KS 
Tests on a 0.015-scale model o f  a supersonic t ransport  (SCAT 15F-9898) 
were conducted a t  Mach numbers from 0.60 t o  1.20. Tests of the complete model 
w i th  three wing planforms, two d i f f e r e n t  leading-edge r a d i i ,  and various com- 
binations o f  component parts, including b3th leading- and trai l ing-edge flaps, 
were made over an angle-of-attack range from about -6' t o  13' ana a t  side- 
s l i p  angles o f  0' and 2'. 
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1. The basic conf igurat ion had pitchup tendencies a t  the higher l i f t  
Coeff ic ients and a t  a l l  Mach numbers. 
2. Changing the wing-t ip sweep angle t o  60' and de f lec t i ng  the wing-t ip 
Kruger f l a p  t o  20' o r  increasing the radius o f  the wing leading-edge increased 
%ximum l i f t - t o - d r a g  r a t i o  o f  the conf igurat ion and a l l ev ia ted  the p i  tchup 
handencies a t  the higher l i f t  coeff ic ients.  
3. From a perfo'mance and t r i m  consideration, the optimum conf igurat ion 
For cru ise a t  Mach numbers between 0.80 and 0.975 was with the l a rge r  wing 
'zading-edge radius, the leading- and trai l ing-edge f laps se t  a t  Oo, the wing 
i i p  swept t o  60°, and the wing-t ip Kruger f l a p  se t  a t  20'. Maximum tunnel 
i i f t - t o - d r a g  r a t i o  f o r  t h i s  conf igurat ion i s  about 10 a t  Mach numbers between 
0.80 t o  0.375 and with a trimmed l i f t  coef f ic ient  between 0.15 t o  0.20. Com- 
parison o f  the so-called optimum conf igurat ion with the basic configuration 
indicates t h a t  the performance gains are due t o  a &percent reduction i n  drag 
due t o  lift. 
4. The s t a t i c  d i rec t i ona l  s t a b i l i t y  decreased t o  approximately zero a t  
a l l  m g l e  o f  attack o f  about 4' and then increased as the angle c f  at tack was 
incveased beyond 4'. The addi t ion o f  strakes or a center l ine ventral  f i n  
s i g n i f i c a n t l y  increased the s t a t i c  d i rec t i ona l  s t a b i l i t y  i n  the range where 
the s t a t i c  d i rec t i ona l  s t a b i l i t y  was def ic ient .  
17 
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TABLE I. - GEOMETHIC CHARACTERISTICS OF MODEL 
Aspect r a t i o .  . . . . . . . . . . . . . . . . . . . . .  
Area, sq. f t . .  . . . . . . . . . . . . . . . . . . . .  
Root chord a t  fuselage centerline, in. . . . . . . . . .  
Tip chord, in. . . . . . . . . . . . . . . . . . . . . .  
Mean geometric chord, in. . . . . . . . . . . . . . . .  
Span, in. . . . . . . . . . . . . . . . . . . . . . . .  
Thickness-chord ratio, near root . . . . . . . . . . . .  
Thickness-chord ratio,  t i p .  . . . . . . . . . . . . . .  
Length, in. . . . . . . . . . . . . . . . . . . . . . .  











Yorizontal tail, H 1  
Aspect ratio, exposed . . . . . . . . . . . . . . . . .  2.42 
Span, exposed, in. . . . . . . . . . . . . . . . . . . .  2- 970 
Area, exposed, sq. ft . . . . . . . . . . . . . . . . .  o.oy-3'; 
Root chord a t  fuse lwe juncture, in. . . . . . . . . . .  J. 016 
Tip chord, in .  . . . . . . . . . . . . . . . . . . . . .  0. a83 
Y.~=ar? geometric chord, in. . . . . . . . . . . . . . . .  2. @I 
Airfoil section . . . . . . . . . . . . . . . . . . . .  I-::= circular arc 
!Thickness-chord r a t io  . . . . . . . . . . . . . . . . .  0.033 
Cenyerline ver t ica l  ta i l ,  V1 
0.p-g Area, sq. f t . .  . . . . . . . . . . . . . . . . . . . .  
-45rfcil section . . . . . . . . . . . . . . . . . . . .  3li' circular arc 
Ynichess-chord ra t io  . . . . . . . . . . . . . . . . .  C.OX> 
Sutboard vertical. t.ails, V2 
Area (each), sa_. f t  . . . . . . . . . . . . . . . . . .  0.059 
P- i r fo i l  secticr, . . . . . . . . . . . . . . . . . . . .  ;ialf circular arc 
Thickness-chord i-atio . . . . . . . . . . . . . . . . . .  0.025 
Ceni.erliIic ventral  fin, U1 
Area, sq. f t  . . . . . . . . . . . . . . . . . . . . . .  0. G?4 . . . . . . . . . . . . . . . . . . . .  Wcae slab Airi'oil section 
iiacelles, E2 
Length,  in. . . . . . . . . . . . . . . . . . . . . . .  f'). 728 























- *  365 
















9 7  
575 
193 - .152 
-.461 




-.902 - 916 
-.a91 - -838 



















.144 -. 005 -. 154 -. 312 






















- 0  515 





- *  753  
15.830 in. 
Upper 




















-.068 -. 205 -. 322 
-a446 


















- . a 3  - 274 
- *  373 - .450 -. 521 
- *  573 - .613 - .612 - .601 
-
- *  596  
17.820 in.  







































- *  153 -. 227 
-.2p 
- *  350 -. 402 
- 421 -. 423 - 418 - 420 
014 
1 2 0 . ~ 6  in. 
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TABLE 11.- AIRFOIL COORDIMTES FOR Wl - Continued 
y = 2.853 in y = 3.323 in.  y = 3.994 in. y = 4.565 in. 




















2 3  
.136 


















-.131 -. 192 
-250 -. 300 -. 340 
-365 
- *  374 























*@+7 -. 047 
-. 231 


















133 . 000 
- . l l9 -. 171 -. 219 -. 258 
-.294 
-e319 -- 334 
- *  333 
- 0  329 













































-.145 - .182 
-.215 
-e240 
-9257 -. 260 -. 262 
- *  253 














.217 . l!c 3 
-063 -. 024 -. 102 
-229 
-0155 - 166 




TABLE 11.- -OIL COORDINA!ES FOR W1 - Continued 
2elc -- 
0. 
































313 . 320 
332 
351 





























0 1 1 2  
0043 -. 028 
- .OB? -. 118 
-.13 
-A38 -. 138 
-.1$ 
4 3 8  






























0.178 . 167 
.163 
157 








































.013 -. 040 
-.OS 
s u r f  ace 
Lower 
'urface 












-0037 - .070 
- 0  086 
- =  og4 
-












































.012 -.& -. 031 -. 054 
-.063 
-073 - 074 
-*Q73 






TABLE 11.- AIIIFOD, cooRDINA!LTS FOR W1 - Continued 
Y = 7-418 in= y = 8.533 in. 
c = 8.959 in.  I c = 7.393 in. I c = 6.667 in. I c = 5.860 in. y = 7.988 in. y = 8.256 in. 
surface surface UF9ier I Lower 
0.020 
.030 














.l*S . ijf 
.111 . (7;s . o y  
.at3 -. 015 
0.020 








.Ql j . oc3 -. C i s  -. OF: -. G j 5  -. c.-1 -. ()L1 
-. o & l L  
- ., /*:;.t: 
-. c7jT -. 028 
,-, -. i i f . :  
-. Gi5 





-.001 -. 004 -. 009 -. 011 - .013 -. 012 -. 005 
-.0L?j . O m  
-.@OS - .0@3 
-. 012 - . L71c 
-. L l 7  -. 316 - .a15 -. 90'; 
-.GO1 . G@d 









.031 . okl 
* 059 . e91 
.I15 
3.35 












0. odc - .002 
-.004 - .007 





- .PA  
.om - . 00; 




2. . WL3 
. m 5  
.0050 
0075 . 010 

















5 2  leading 
edge 
g = 9.130 in. y = 10.271 in y = 11.412 b,. . 
c = 4.926 in. c = 3.138 in. c = 1.350 i-.. I I 
Upper 
surf  ace 
-0.047 -. 044 -. 044 -. 043 -. 042 -. 041 
- 9  039 -. 0% 











.006 -. 005 - .017 - .a30 
Lower 
iurface 
-0.045 -. 045 -. 045 -. 046 
-e046 
- .a7 -. 047 -. 049 -. 054 
-.063 -. 066 - ,070 - .070 
- e  074 
-.a0 -. 0% - .085 -. 084 - 079 -. 072 
-.064 
- *  055 





-.180 -. 180 
-0179 
-0179 -. 178 
-.lT 




-*  153 
-e148 











- e 1 3 1  - .181 - .181 -. 181 
- .181 - .182 -. 184 - .188 
-.1* 
-.202 - .20a -. 220 -. 230 -. 238 -. 242 
-e243 -. 243 -. 243 -. 243 - 241 
-e237 
0.234 -. 230 
45.336 in. 
Upper 
s u r f  ace 
-0.374 
- *  374 
- 0  374 
- *  373 
- *  373 
- 0  373 
- 0  373 
- 0  372 
- =  370 
- 0  367 -. 365 
- *  5 3  
- 0  359 
-0358 
- *  3 9  
- 0  359 -. 360 -. 362 -. 364 -. 366 
- *  369 
- 0  372 
-0375 
- 0  379 
47.783 in. 
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Appendix A - Presentation of Tabulated 
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APPENDRC A - Cwtinued 
On previous table,  
/  EL&*:^ 3 t 6 ,  E t l * * * S t 3 ,  C,,, 8 , and p are deficed in the svm 1st an are i n  degrees. for  Fowf?r f l ap  which increased - 
the f i ap  area by Y percent. 
control deflection was 'jO and the right wing control deflection was 5*. 
5/5 indicates, fo r  example, that  the l e f t  wing 
TLe symbols used on the tabulated data are defined as folJ.civx 
point number 
nominal free-stream Map5 number 
actual f r e e - s t r e a  Mach number 
free-stream dyramic prc -Sure, psfa 
angle of sideslip, deg 
angle of attack, deg 
normal force coefficient 
axial force coefficient 
p i tch i r i  moment cot f f ic ien t  
rol l ing moment coeffic?'.ent aboui body axis 
yawing moment coefficient about body axis 
s i d e  force coefficient 
l i f t  coefficient 
corrected drag coefficient 
l i f t  drag ra t io  
l i f t  coefficient squared 
chamber drag coefficient 
nacelle base drag coefficient 
internal skin f r ic t ion  drag coefficient 
Reynolds number per foot (times lo6) 
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Figure h. - Continued. 
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figure 23. - Em d wing W i n g -  and trailing-edge-flap defkdionl oh the lOngHUdiMl aerodynamic characteristics of Bw3v1v#. 
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Figure 21. - C h p r i w n  d the bwltudlnal arrodynamic chanderlsticr br two arnli urationr having a different bing leadtng- 
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